The essential oil of Cordia verbenacea D.C. (Boraginaceae) that grows in Mérida-Venezuela was obtained by hydrodistillation from the aerial parts of the plant, yielding 0.21%. The oil was analyzed by GC-FID and GC-MS. Thirty one components which made up 94.3% of the oil were identified. The most abundant constituents found were: tricyclene (23.9%), bicyclogermacrene (11.7%), germacrene D (9.9%) and β-caryophyllene (8.2%). Antibacterial activity determination was carried out according to the disc diffusion assay. Activity against Gram-positive bacteria Staphylococcus aureus ATCC 6538 and Enterococcus faecalis ATCC 29212, at a minimal inhibitory concentration (MIC) of 170 μg/mL and 200 μg/mL, was found.
The decoction of fresh or dried leaves is taken in Trinidad and Martinica to relieve colds, influenza, fever, pneumonia, coughs, insomnia, stomachache and parasitic diseases [2] . In traditional Mexican medicine this plant is used to treat gastrointestinal, respiratory and dermatological disorders [4] . In Brazil, the aerial parts have been used in folk medicine in the form of alcoholic extracts, decoctions and infusions for their anti-ulcer, anti-microbial, antiinflammatory, anti-rheumatic, analgesic and tonic properties [5, 6] .
Previous pre-clinical pharmacological studies carried out with the lyophilized hydroalcoholic leaf extract of Cordia verbenacea have shown that they have pronounced oral and topical anti-inflammatory activity [7] [8] [9] . In addition the dichloromethane extract of the roots of C. verbenacea was found to be active against the phytopathogenic fungus Cladosporium cucumerinum, the yeast Candida albicans and the larvae of the yellow fever transmitting mosquito Aedes aegypti [10] .
Several studies of the essential oil of C. verbenacea regarding its biological properties have been published: De Carvalho et al. [3] studied its antimicrobial activity by the agar diffusion tests, showing inhibition mainly against Gram-positive bacteria and yeast (88.80% and 93.30% of the tested strains were inhibited, respectively), while most of the Gram-negative bacteria were resistant. Hernandez et al. [4] also reported antimicrobial activity of the essential oil and several extracts of C. verbenacea against ten Gram-positive and Gram-negative bacteria, and five fungi. In general Gram-positive bacteria were more sensitive than the Gram-negative ones. Passos et al. [5] demonstrated that the essential oil isolated from C. verbenacea leaves exhibited a pronounced and long-lasting antiinflammatory effect on several anti-inflammatory models in rodents, which was related to the presence NPC Natural Product Communications of the sesquiterpenes, α-humulene and transcaryophyllene [11, 12] . Due to the widespread folk use of this plant the present investigation will study the composition and properties of the essential oil of Cordia verbenacea growing in Mérida-Venezuela.
Hydrodistillation of fresh minced leaves of Cordia verbenacea yielded 0.21% (v/w) of an oil. By GC-MS analysis 31 components were identified which made up 94.3% of the oil, by comparing their retention indices [13] [14] [15] and by computer comparison of their mass spectra with the Wiley mass spectral Library. The chemical composition of the oil is listed in Table 1 in order of elution from a HP-5 capillary column. The major constituents were: tricyclene (23.9%), bicyclogermacrene (11.7%), germacrene D (9.9%), and β-caryophyllene (8.2%).
The composition of the oil is very different to previously reported in the literature for C. verbenacea collected in other places in Latin America. These differences may be attributed to climate and altitude, since El Morro is located in dry area at 2800 m of altitude and the plant may have evolved by adaptation to those environmental conditions. Studies on the chemical composition of the essential oil of C. verbenacea from Sao Paulo and Ceará (Brazil) reported α-pinene and trans-caryophyllene as major components [3, 16] , while the analysis of the essential oil from C. curassavica collected at Pernambuco (Brazil) showed cubebol and βphellandrene as main constituents [17] . In contrast, this species collected in Mexico showed that 4methyl, 4-ethenyl-3-(1-methylethenyl)-1-(1-methylmethanol)cyclohexane and β-eudesmol, were the main constituents [4] .
Antibacterial activity assays performed by the discdiffusion method on agar showed that the oil of Cordia verbenacea was active only against Grampositive bacteria Staphylococcus aureus ATCC 6538 and Enterococcus faecalis ATCC 29212, at MIC values of 170 μg/mL and 200 μg/mL, respectively, as shown on Table 2 . None of the Gram-negative strains tested was sensitive to the oil.
The results obtained here confirm previous reports on the antimicrobial activity of Cordia verbenacea from Mexico and Brazil, but further studies are necessary to determine the active constituents.
To the best of our knowledge, this is the first study on the chemical composition or antibacterial activity of the essential oil of Cordia verbenacea D.C. in Venezuela. Gas Chromatography: GC analysis was performed on a Perkin-Elmer AutoSystem gas chromatograph equipped with FID detector and data handling system. A 5% phenyl methyl polysiloxane fusedsilica column (HP-5, 60 m, 0.25 mm, film thickness 0.25 µm) was used. The initial oven temperature was 60 o C, the oven was then heated from 60 o -260 o C at 4 o C/min. Injector and detector temperatures were 200ºC and 250ºC, respectively. The carrier gas was helium at 1.0 mL/min. Samples (1.0 µL) were injected as 2% solutions of the oil in n-heptane. A Hewlett Packard ALS injector was used with split ratio 1:100. Retention indices were calculated relative to C 8 -C 24 alkanes and compared with values reported in the literature [11] [12] [13] . The percentage composition of the oil was calculated by the normalization method form the GC areas.
Gas Chromatography-Mass Spectrometry:
The GC-MS analyses were carried out on a Model 5973 Hewlett Packard GC-MS system fitted with a HP-5MS fused-silica column (30 m x 0.25 mm, film thickness 0.25 µm). The oven temperature conditions were the same used for GC-FID analysis. The transfer line temperature was held at 280ºC; source temperature, 230ºC; quadrupole temperature, 150ºC; carrier gas, helium, adjusted to a linear velocity of 34 m/s; ionization energy, 70 eV; scan range, 40-500 amu; 3.9 scans/s. Samples (1.0 µL) were injected as 2% solutions of the oil in n-heptane. A Hewlett Packard ALS injector was used with split ratio 1:100.
The identity of the oil components was established from their GC retention indices, by comparison of their MS with those of standard compounds and by library search using a Wiley MS Data Library (6 th Ed.).
Antibacterial Activity:
The antibacterial activity of the essential oil of Cordia verbenacea was evaluated by the agar disc diffusion method and the Minimal Inhibitory Concentration (MIC) was determined. Antimicrobial Screening: The antimicrobial activity was carried out according to the disc diffusion assay described by Rondón et al. [18] . The strains were maintained in agar at room temperature. Each bacteria inoculum (2.5 mL) was incubated in Mueller-Hinton agar at 37ºC for 18 hours. The bacterial inoculum was then diluted in sterile 0.85% saline solution to obtain a turbidity visually comparable to a McFarland Nº 0.5 standard (10 6-8 CFU/mL). Every inoculum was spread over plates containing Mueller-Hinton agar and a paper filter disc (6 mm) saturated with 10 μL of essential oil. The plates were left for 30 min at room temperature and then incubated at 37ºC for 24 h. The inhibitory zone around the disc was measured and expressed in mm.
A positive control was also assayed to check the sensitivity of the tested organisms using the following antibiotics: Sulbactam -Ampicillin®, Vancomycin®, Gentamicin®, Aztreonam® and Ceftazidime®.
Determination of the Minimal Inhibitory Concentration (MIC):
The minimal inhibitory concentration (MIC) was determined only with microorganisms that displayed inhibitory zones. MIC was determined by dilution of the essential oil in dimethyl sulphoxide (DMSO) pipetting 10 μL of each dilution into a filter paper disc. Dilutions of the oil within a concentration range of 10-1000 μg/mL were also carried out. MIC was defined as the lowest concentration that inhibited the visible bacterial growth [19] . A negative control was also included in the test using a filter paper disc saturated with DMSO to check possible activity of this solvent against the bacteria assayed. The experiments were repeated at least twice.
